developed the MPEG-4 and H.263 transcoder for heterogeneous multimedia networks. When a compressed video signal is transmitted to a lower capacity channel, the compressed video signal must be re-quantised to fit the target bit rate of the channel. If the transcoder performs the quantisation of the moving object and background with different quantisation parameters, respectively, the video quality of the moving object and the background can be separately controlled. To discriminate the moving object from the background in a compressed video signal, we have developed a moving object segmentation algorithm for compressed video.
Since DCT and quantisation are block-based operations in MPEG and H . 2 6~ video coding, the proposed algorithm segments moving objects with block resolution. The proposed algorithm uses only motion vectors and MC-DCT coefficients, which form a compressed bit-stream, for the segmentation features. Standard video coders usually determine the motion vector using a block matching algorithm (BMA). However, since BMA often fails to determine the true motion vector due to many practical factors (such as affine warping, image noises, and occlusion), the motion vector does not always correspond to the true motion. To overcome the limitation of motion vectors, the proposed algorithm merges spatially similar blocks into a region and investigates the stochastic behaviour of the region.
1
Proposed block-based segmentation algorithm: Fig. 1 shows the overall block diagram of the proposed algorithm. A region is defined as the set of spatially similar blocks. The spatial similarity of two adjacent blocks is measured using a spatial feature vector, which is defined from the DCT coefficients as follows: vectors is smaller than a given threshold ( Q P x 4/3 in this Letter, where QP is the quantisation parameter) determined experimentally, those two blocks become a region.
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In eqn. 2, bt,x,y, is an N x N image block at time t , the upper-left pixel of which IS located at (x, y), bt,x,y(ir I] is a pixel value at (i, j ) of the block b,, ,,,, ( v~~, V J is the motion vector of bt,x,y, ef,x,y is the motion-compensated error of bt,x,y, and dt,x,y is the inter-frame difference of b,,x,y. The inequalities in eqn. 2 are preserved in the DCT domain according to Parseval's theorem of DCT [3] .
After the blocks have been classified, a dynamic region decision is performed for every region, as shown in Fig. 1 . If the number of true motion blocks is larger than that of the false motion blocks in a region, the region becomes a dynamic region. A static region has a smaller number of true motion blocks than of false motion blocks. The dynamic regions represent objects moving in the current frame.
To detect regions that move in the previous frame (time t -1) but stop at the current frame (time t), a projected dynamic region decision is applied to projected regions that are projected from the moving objects in the previous frame onto the static regions in the current frame. The decision rule for determining a true motion block in the projected region is defined as fallows:
if { (bt,z,y E dynamic region) and (bt,z-u~,Y-uI E projected region)} bt,z,y is a false motion block else bt,z,y is a true motion block (3)
If the number of true motion blocks is larger than the number of false motion blocks in a projected region, the region becomes a projected dynamic region. The uncovered region has a smaller number of true motion blocks than of false motion blocks in the projected region. Finally, moving objects consist of dynamic regions and projected dynamic regions. Experimental results: Experiments were performed on several compressed bit-streams. Figs. 2 and 3 show blocks with non-zero motion vectors and a segmented moving object, respectively, for the 'mother and daughter' QCIF sequence, which was compressed by an H.263 encoder with a frame rate of lOHz and a target bitrate of 24kbiUs. The frame numbers in Figs. 2 and 3 are from the original sequence obtained at a frame rate of 30Hz. Although motion vectors themselves are not appropriate for moving object segmentation as shown in Fig. 2 , the proposed segmentation method is able to detect and track moving objects, as shown in Fig. 3 .
Discussion:
We have developed a block-based moving object segmentation algorithm for compressed video. Since block-based video coders determine motion vectors based on the coding efficiency, motion vectors may give false motion information. However, the proposed algorithm uses the stochastic behaviour of spatially similar blocks to segment moving objects and the segmentation result is successful. 
